Abstract Stroke is a heterogeneous multifactorial disease and is thought to have a polygenic basis. Casecontrol studies on gene sequence variations have identified a number of potential genetic predisposition factors, but due to the conflicting results, uncertainty remains on the effect of these polymorphisms on risk for the development of stroke. To qualitatively and quantitatively assess the risk associated with different gene polymorphisms for stroke in Asian populations, we comprehensively searched and identified all the studies of association. Clinically overt case-control studies were selected only if neuroimaging had been used as the confirmatory measure for diagnosis of stroke. We performed a meta-analysis of the three most investigated genes, viz., methylenetetrahydrofolate reductase (MTHFR), apolipoprotein E (ApoE) and angiotensinconverting enzyme (ACE). Statistically significant association with stroke were identified for C677T polymorphism of MTHFR [random effects odds ratio (OR) = 1.47, 95% confidence interval (95% CI) 1.19, 1.82; P = 0.0004] and marginally significant association was detected with allele e 4 of ApoE (random effects OR = 1.47, 95% CI 1.00, 2.15; P = 0.049). The sensitivity analysis (exclusion of studies with controls not in HardyWeinberg equilibrium) revealed a significant association of stroke with the MTHFR C677T and ApoE e 4 alleles but showed no association with ACE gene insertion/ deletion polymorphism.
Introduction
Stroke is the third leading cause of death and the largest cause of disability among older people worldwide (Feigin et al. 2003) . According to the World Health Organization estimates, annually, 15 million people worldwide suffer a stroke. Of these, 5 million die and another 5 million are left permanently disabled. In 2002, nearly 5.5 million people died of stroke, and more than 50% of these deaths occurred in Asian countries such as India, Pakistan, Bangladesh, China, Korea and Japan (WHO report: http://www.who.int/ cardiovascular_diseases/). Although there has been a decline in the incidence of stroke in the Western population during the past three decades (Heart Disease and Stroke Statistics-2003 Update, American Heart Association), the burden of this disease has increased and is expected to rise in the South Asian countries (Bulatao et al. 1992) . In various epidemiological studies in families (Jousilahti et al. 1997; Liao et al. 1997 ) and in twins (Brass et al. 1992; Bak et al. 2002) , genetic factors were found to be involved in the predisposition of stroke in conjunction with the other risk factors.
A candidate gene case-control approach, examining polymorphisms, is generally taken to investigate genetic risk factors for stroke. Since stroke is a heterogeneous multifactorial disease, there is a large number of candidate genes, which are involved in blood coagulation, blood pressure regulation, cholesterol metabolism, etc. (Hassan and Markus 2000; Casas et al. 2004 ). However, uncertainty arises about the nature and number of genes involved in the development of stroke, due to lack of reproducibility of genetic case-control studies (Casas et al. 2004 ). In the association studies, there are possibilities that some positive results might be spurious and some negative findings might be a consequence of low statistical power (Casas et al. 2004) . It could be due to their small sample size or methodological shortcomings, such as the selection of an appropriate control group (Hassanand Markus 2000; Casas et al. 2004; Dichgans and Markus 2005) . Meta-analysis might be a means of resolving disparate results. For example, pooling samples from several studies could produce greater power than from individual studies or might amplify trends for association in small individual studies (Casas et al 2004) . By increasing the statistical power, by taking into account all available published data, meta-analysis might be useful to identify the causative genes with reliability and to quantify with precision the genetic risks (Casas et al. 2004 ). We conducted a comprehensive metaanalysis of all genetic association studies in stroke in Asian populations and present our findings in this paper.
Materials and methods

Identification and selection of studies
A comprehensive literature search was conducted to collect data from all the studies that investigated association of genes with stroke in Asian populations. All the studies that were published before August 2006 were considered in the meta-analysis. We did extensive computer-based searches of PubMed to identify the case-control studies evaluating the role of any candidate gene in the development of stroke in Asian populations. The terms ''stroke'' and ''polymorphism'' were used as search criteria. The search results were limited to humans. Clinically overt case-control studies were selected only if neuroimaging [magnetic resonance imaging (MRI) or computed tomography (CT)] had been used as the confirmatory measure for diagnosis of stroke. Both ischaemic and haemorrhagic stroke types were considered for inclusion in the study, but other phenotypes, such as transient ischaemic attack (TIA), or cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), were excluded. A majority of the articles covered in the present study were written in English. Articles in other languages were considered if the abstracts of the reports were given in English and if genotype frequencies and confirmation of diagnosis by neuroimaging were given. Those studies in which the genotype frequencies were not reported were excluded from our study.
Data extraction
We used a standard reporting form to extract data from each study that we included. We collected information on the name of the first author, year of publication, country, journal, racial descent of study population, demographics, number of cases and controls, genotype frequencies, allele frequencies (wherever available), and confirmation of diagnosis. Where allele frequencies were not given, they were calculated from the corresponding genotype frequencies of the case and the control groups.
Data synthesis and statistical analysis
Primary literature search generated 68 case-control studies of 30 candidate genes in which the presence or absence of stroke was determined in a dichotomous manner (Table 1) . Methylenetetrahydrofolate reductase (MTHFR), apolipoprotein E (ApoE), and angiotensin-converting enzyme (ACE) were chosen for further analysis, as, on review, those three genes were found to be studied well in Asian populations. Ten studies of MTHFR (Morita et al. 1998; Zhang and Dai 2001; Wu et al. 2001; Li et al. , 2003 Choi et al. 2003; Baum et al. 2004; Alluri et al. 2005; Fang et al. 2005; Gao et al. 2006) , six studies for ApoE (Kokubo et al. 2000; Luthra et al. 2002; Um et al. 2003a; Jin et al. 2004; Lin et al. 2004; Gao et al. 2006) , and six studies of ACE (Doi et al. 1997; Nakata et al. 1997; Um et al. 2001 Um et al. , 2003a Gao et al. 2006) gene polymorphisms were found to meet our selection criteria and were therefore included in the meta-analysis (Tables 2, 3 and 4) . Because of unavailability of genotype data, two studies of ApoE polymorphism (Nakata et al. 1997; Chowdhury et al. 2001) were excluded for the present analyses. In one study, all the three polymorphisms were studied (Gao et al. 2006 ).
In the meta-analysis of MTHFR C677T polymorphism, the overall association of the T allele with risk of stroke was evaluated in comparison with the C allele. Also, the contrasts of homozygote TT versus CC, TT versus TC versus CC, TT versus (TC + CC), and (TT + TC) versus CC were examined.
In our study of ApoE polymorphisms, the risk of stroke associated with the e 2 and e 4 alleles relative to the e 3 allele was examined. Furthermore, the contrasts of homozygotes e 2 e 2 and e 4 e 4 versus e 3 e 3, (e 2 e 2 + e 2 e 3 + e 2 e 4) versus e 3 e 3, and (e 4 e 4 + e 2 e 4 + e 3 e 4) versus e 3 e 3, were statistically evaluated. The insertion/deletion polymorphism of the ACE gene was studied in the meta-analysis. The overall association of the D allele of the ACE gene relative to I allele and the contrasts of DD versus II, DD versus ID versus II, DD versus (ID + II), (DD + ID) versus II, were examined. For each gene variant, we evaluated the associations by calculating the odds ratios (ORs), together with the 95% confidence interval (CI), to measure the strength of the genetic association. Based on the individual ORs, a pooled odds ratio was calculated.
Using the Q-statistic, which is a weighted sum of squares of the deviations of individual study OR estimates from the overall estimate, heterogeneity between studies was examined (Cochran 1954) . Q follows a chi-square distribution with r-1 (r is the number of studies) degrees of freedom (d.f.), when the ORs were homogeneous (Zintzaras et al. 2005) . The heterogeneity was considered statistically significant if the P value was <0.10. Quantification of the heterogeneity was done with the I 2 metric (I 2 = (Q-d.f.)/Q), which is independent of the number of studies in the meta-analysis . The I 2 values falls within the range 0-100%, Gao et al. (2006) with higher values denoting greater degree of heterogeneity (I 2 = 0-25%, no heterogeneity; I 2 = 25-50%, moderate heterogeneity; I 2 = 50-75%, large heterogeneity; I 2 = 75-100%, extreme heterogeneity) (Zintzaras et al. 2005) . The Mantel-Haenszel method was used to calculate the fixed-effect pooled ORs (Mantel and Haenszel 1959; Robins et al. 1986 ). The random-effects pooled ORs were calculated by the DerSimonian and Liard method (DerSimonian and Laird 1986) . Heterogeneity between studies is expected, because the studies that are brought together by systematic reviews are both clinically and methodologically diverse . Where there was heterogeneity in studies, a pooled OR was estimated by the random-effects model, because this model assumes a genuine diversity in the results of the studies, incorporates the calculations of between-study variability, and provides wider CIs (Whitehead 2002; Zintzaras et al. 2005) . To examine the trend of pooled OR for the allele contrasts in time, we carried out cumulative meta-analysis (Lau et al. 1992; Whitehead 1997) and recursive meta-analysis (Zintzaras et al. 2005) . For assessment of publication bias for the allele contrast, the Egger regression test for funnel plot asymmetry (Egger et al. 1997; Ioannidis et al. 2003; Zintzaras et al. 2005 ) and the Begg-Mazumdar test, which is based on Kendall's tau (Begg and Mazumdar 1994) , were carried out. Sensitivity analyses were done to examine the effect of the studies with controls that are not in Hardy-Weinberg equilibrium by their exclusion (Zintzaras et al. 2005) . Data were analysed with statistical analysis software StatsDirect, (version 2.5.7).
Results
The studies of MTHFR gene polymorphisms that were included in our meta-analysis were composed of 3,074 stroke cases and 3,315 healthy controls in total. The prevalence of allele T was 44% and 38% for the case and the control groups, respectively. TT prevalence in the cases was 20%, while in controls it was 16%. The prevalence of CC among patients and controls was 33% and 41%, respectively. The proportion of the case and the control groups having CT genotype was 47% and 43%, respectively. The genotype and the allele frequencies of the individual studies are shown in Table 5 . In the control group of one study , the genotype distribution was not in HardyWeinberg equilibrium.
In all the studies of ApoE together, there were, in total, 1,353 stroke patients and 1,915 controls. The prevalence of allele e 2 was 7% and 6% for the stroke cases and the control groups, while the prevalence of allele e 4 for the same groups was 12% and 10%, respectively. In the cases and the controls, the prevalence of e 2 e 2 genotype was 2% and 1%, the prevalence of e 4 e 4 genotype was 2% and 1%, and the prevalence of e 3 e 3 genotype was 67% and 72%, respectively. The prevalence of e 2 e 3 genotype among the stroke patients and the healthy controls was both 9%, while for e 2 e 4 genotype it was 2% in both the groups. The e 3 e 4 genotype prevalence was 19% and 15% among the cases and the controls, respectively. The genotype and the allele frequencies of the individual studies are shown in Tables 6 and 7 . Departure of the genotype frequencies from the Hardy-Weinberg equilibrium among controls was observed in four studies (Kokubo et al. 2000; Luthra et al. 2002; Um et al. 2003a; Lin et al. 2004 ).
In total, the studies of ACE gene polymorphism that were considered for our meta-analysis included 988 stroke patients and 1,441 control individuals. The prevalence of the D allele was 40% and 38% for the cases and the controls, respectively. The prevalence of DD genotype among patients and controls was 17% and 15%, respectively, while the prevalence of II genotype for both the groups was 38%. The prevalence of heterozygotes ID among the case and the control groups was 45% and 47%, respectively. The genotype and the allele frequencies of the individual studies are shown in Table 8 . Assessment of HardyWeinberg equilibrium for the genotypes among the controls revealed significant deviation in two studies (Nakata et al. 1997; .
Our results show that the carriers of the MTHFR T allele were 1.47-times more likely to develop stroke, according to the random effects pooled OR [95% CI (1.19, 1.82)]; P = 0.0004. However, extreme inter-study OR heterogeneity (P < 0.0001, I 2 = 79%) was observed ( Table 9 ; Fig. 1 ). With the exclusion of the study with controls not in Hardy-Weinberg equilibrium, i.e. in sensitivity analysis, the degree of heterogeneity between the studies did not decrease appreciably and remained extremely high (P = 0.0002, I 2 = 73%). The fixed and the random effects ORs in the sensitivity analysis were significant: OR = 1.53 [95% CI (1.36, 1.72)]; P < 0.0001 and OR = 1.55 [95% CI (1.21, 1.99)]; P = 0.0006, respectively. The genotype contrast of the homozygotes as well as the additive, dominant and recessive models showed significant association, even in the sensitivity analyses. The random effects pooled OR of the allelic contrast was found to decline from 1.78 in 1998 (first study) to 1.39 in 2003 (six studies) and then increased to 1.47 in 2006, according to the cumulative and the recursive meta-analyses. Although the Begg-Mazumdar test, being of low power due to small numbers of studies, indicated low probability of publication bias (P > 0.99), the Egger test result was found to be significant (P = 0.04), suggesting the presence of publication bias.
In the meta-analysis of ApoE gene polymorphism (Table 10 ; Figs. 2 and 3) , the association of allele e 2 and the risk of developing stroke, in comparison with the e 3 allele, showed non-significant result, the random effects pooled OR = 0.97 [95% CI (0.62, 1.53)]; P = 0.912, while, for the allele e 4, the random effects pooled OR was marginally significant: OR = 1.47 [95% CI (1.00, 2.15)]; P = 0.049. High level of inter-study heterogeneity was found to exist in both cases (P = 0.0007, I 2 = 77%) and (P = 0.0015, I 2 = 74%), respectively. Taking into account only those studies with controls in Hardy-Weinberg equilibrium, we found that the e 4 versus e 3 allele contrast showed significant association, random effects OR = 2.09 [95% CI (1.37, 3.20)]; P = 0.0006. The genotype contrast e 2 e 2 versus e 3 e 3, under the fixed effects model, showed high significance, OR = 1.94 [95% CI (1.07, 3.51)]; P = 0.018, but was found to be non-significant in the random effects model, OR = 0.92 [95% CI (0.17, 4.78)]; P = 0.92. Large heterogeneity (P = 0.003, I 2 = 75%) between the studies was found to exist. Although the odds ratios in the genotype contrast e 4 e 4 versus e 3 e 3 indicated increased risk for stroke in both the fixed effects and the random effects models, the results were not statistically significant, the fixed effects OR = 1.43 [95% CI (0.79, 2.61)]; P = 0.304, and the random effects OR = 1.41 [95% CI (0.76, 2.63)]; P = 0.274. In that genotype contrast, no inter-study heterogeneity was found to exist (P = 0.545, I 2 = 0%). The genotype contrast (e 4 e 4 + e 2 e 4 + e 3 e 4) versus e 3 e 3 in the fixed effects model showed significant association, OR = 1.32 [95% CI (1.09, 1.60)]; P = 0.004, but the association according to the random effects model was marginally significant, OR = 1.56 [95% CI (0.99, 2.44)]; P = 0.05, although extreme heterogeneity (P = 0.0007, I 2 = 76%) was found to exist between the studies. Cumulative and recursive meta-analysis for the allele contrast e 2 versus e 3 showed that the random effects pooled OR decreased from 2.15 in 2000 (first study) to 1.08 in 2004 (five studies), and then further decreased to 0.97 in 2006 (six studies), while an ascending trend was observed for the allele contrast e 4 versus e 3, where the random effects OR increased from 1.19 in 2000 (first study) to 1.47 in 2004 (five studies) but then remained unchanged till 2006 (six studies). The Egger test and the Begg-Mazumdar test results suggested a low probability of publication bias for the allele contrast e 2 versus e 3 (P = 0.151 and P = 0.469, respectively) and the allele contrast e 4 versus e 3 (P = 0.168 and P = 0.272, respectively).
In the meta-analysis of ACE insertion/deletion (I/D) polymorphism (Table 11 ; Fig. 4) , the summary ORs under a fixed effects and a random effects model showed no statistically significant association of the D allele with the risk of developing stroke relative to (5) 11 (1) 23 (7) 73 (6) 4 (1) 8 (1) 211 (66) 819 (73) 65 (20) 202 (18) 3 (1) 13 (1) Luthra 2002 AsianIndian 1 (2) 3 (5) 8 (13) 10 (18) 1 (2) 1 (2) 26 (41) 35 (61) 17 (27) 4 (7) 10 (16) 4 (7) Um 2003a Korean 0 (0) 0 (0) 54 (15) 46 (14) 7 (2) 13 (4) 258 (71) 211 (66) 37 (10) 43 (14) 9 (2) 6 (2) Jin 2004 Chinese 2 (1) 2 (1) 14 (6) 17 (8) 3 (1) 2 (1) 152 (67) 156 (78) 52 (23) 22 (11) 3 (1) 2 (1) Lin 2004 TaiwanChinese 1 (0) 4 (4) 17 (6) 5 (4) 10 (4) 5 (4) 180 (65) 78 (70) 68 (25) 19 (17) 1 (0) 1 (1) Gao 2006 Chinese 1 (1) 1 (1) 11 (11) 13 (13) 0 (0) 0 (0) 75 (75) 80 (80) 13 (13) 6 (6) 0 (0) 0 (0) J Hum Genet (2007) 52:205-219 211 the I allele, OR = 1.06 [95% CI (0.94, 1.20)]; P = 0.3, for either model. No heterogeneity was observed between the six studies (P = 0.842, I 2 = 0%). In the sensitivity analysis (exclusion of the studies in which there was no deviation from Hardy-Weinberg equilibrium among the controls), the fixed effects model and the random effects model both showed nonsignificant association, OR = 1.07 [95% CI (0.93, 1.24)]; P = 0.3, for either model. No inter-study heterogeneity (P = 0.619, I 2 = 0%) was found to exist in this analysis. No significant association was found either in the genotype contrast for homozygous alleles or with the additive or the dominant or the recessive models. In the cumulative and the recursive metaanalysis for the allelic contrast it was found that there was a slight decline in the random effects pooled OR, from 1.19 in 1997 (first study) to 1.06 in 2002 (four studies). After that, there was no further change in the random effects pooled OR till 2006 (six studies). Both the Egger test and the Begg-Mazumdar test results suggested a low probability of publication bias (P = 0.134 and P = 0.136, respectively). (5) 18 (8) 445 (80) 180 (80) 80 (15) 26 (12) Gao 2006 Chinese 13 (7) 15 (8) 174 (87) 179 (90) 13 (7) 6 (3) (42) 77 (43) 126 (46) 31 (17) 30 (11) 223 (62) 356 (66) 139 (38) 186 (34) Nakata 1997 Japanese 33 (35) 25 (25) 41 (44) 62 (63) 19 (20) 12 (12) 107 (58) 112 (57) 79 (42) 86 ( (37) 48 (45) 237 (48) 16 (15) 76 (15) 132 (62) 607 (61) 80 (38) (44) 69 (48) 58 (38) 21 (15) 28 (18) 175 (61) 194 (63) 111 (39) (42) 47 (47) 44 (44) 11 (11) 14 (14) 131 (65) 128 (64) 69 (35) 72 (36) 
Discussion
In this comprehensive meta-analysis, two of the three candidate gene polymorphisms showed significant association with stroke in the Asian populations. The relationships between the gene variants analysed in our meta-analysis and stroke have been implicated in a large number of subjects in the association studies, but the individual studies were generally small and had several methodological limitations. Because of the contradictory results of the association studies of the gene variants and stroke in the Asian populations, a prospective study was necessary to evaluate the candidacy of those genes, with reliability, in the pathogenesis of stroke. Our study, in the context of the Asian populations, presented an overview of the studies of the gene variants that have been examined for their association with stroke and evaluated and quantified the risks associated with the most studied polymorphisms for the development of stroke. Of the three genes that have been studied extensively in Asian populations, MTHFR C677T polymorphism studies included the maximum number of cases (total number of stroke cases = 3,074). The MTHFR encoded product 5,10-methylenetetrahydrofolate reductase is a folate-dependent enzyme catalysing the rate-limiting step in the methylation of homocysteine to methionine. The C677T polymorphism in MTHFR results in the conversion of alanine to valine at amino acid 222 and was reported to be associated with decreased activity and, eventually, elevation of homocysteine levels (Kang et al. 1991 ; Frosst et al. 1995) . Elevated level of homocysteine causes endothelial dysfunction (Constans et al. 1999) and was found to be a risk factor for atherosclerosis and atherothrombosis (McCully 1969; Frosst et al. 1995) . The C677T transition was reported to be associated with ischaemic stroke (Morita et al. 1998) . Data from ten case-control studies of the MTHFR polymorphism and stroke were included for this metaanalysis. The studies were composed of a total of 3,074 stroke patients and 3,315 healthy controls. The overall results indicated a significant association of the C677T MTHFR polymorphism with stroke, but with large inter-study heterogeneity. Although a high level of heterogeneity persisted, even in the sensitivity analysis, the results showed significant association. Our findings of the association of MTHFR C677T polymorphism in this meta-analysis are in agreement with the previously conducted meta-analyses where this polymorphism was found to be potentially involved in the development of stroke (Cronin et al. 2005; Casas et al. 2004; Kim and Becker 2003; Kelly et al. 2002) . The protein product of the apolipoprotein E (ApoE) gene is a glycoprotein with three common isoforms: E2, E3, and E4, encoded by the alleles e 2, e 3, and e 4, respectively. The genotype e 3 e 3 occurs in approximately one-half to two-thirds in most popula- Fig. 3 Results of published studies of the association between ApoE polymorphism and stroke in Asian populations. Each study is shown by an OR estimating the outcome of the comparison of the e 4 allele against the e 3 allele with the corresponding 95% CI. The random effects pooled ORs are shown. The size of the box is proportional to the weight of the study Fig. 2 Results of published studies of the association between ApoE polymorphism and stroke in Asian populations. Each study is shown by an OR estimating the outcome of the comparison of the e 2 allele against the e 3 allele with the corresponding 95% CI. The random effects pooled ORs are shown. The size of the box is proportional to the weight of the study tions (Sudlow et al. 2006) . The major role of this protein is lipid transport and metabolism. It was found that the genotypes having the e 4 allele are associated with increased cholesterol levels, in comparison with the e 3 e 3 genotype, while genotypes with the e 2 allele were found to be associated with decreased levels (Eichner et al. 2002) . The potential role of ApoE in the repair and regeneration of neurons and survival after brain injury was found in rodent models of head injury and ischaemic stroke (Graham et al. 1999; Horsburgh et al. 2000) . Clinical studies have shown that genotypes with the e 4 allele are associated with poor outcome after head injury (Waters and Nicoll 2005) . According to these observations, it can be suggested that ApoE might influence outcome after acute stroke in humans (Waters and Nicoll 2005) . Since different studies have produced conflicting results, there was the necessity of the conducting of a comprehensive meta-analysis. In our study, the allele e 4 was found to be associated with stroke, but high heterogeneity existed between the studies.
The function of the angiotensin-converting enzyme (ACE) is the conversion of angiotensin I to angiotensin II, which is involved in vasoconstriction, vascular hypertrophy, and atherosclerosis (Kim and Iwao 2000) . ACE also inhibits the functions of bradykinin, a vasoactive peptide that is involved in vasodilatation, by its degradation (Kim and Iwao 2000) . The ACE I/D polymorphism partly determines the plasma and intracellular levels of ACE in stroke patients and healthy individuals (Tiret et al. 1992; Sharma et al. 1994) . Patients with a double deletion of a 287 bp in intron 16 (DD genotype) have higher plasma or tissue levels of ACE than do individuals with ID or II genotype (Rigat et al. 1990; Tiret et al 1992) . To explore whether I/D polymorphism within intron 16 of Although we tried to estimate a combined effect from groups of similar studies only in the Asian population, we found considerable heterogeneity among the studies of the MTHFR and ApoE polymorphisms. In the sensitivity analysis of ApoE polymorphism, the measures of heterogeneity dropped to null in most of the genotype and the allele contrasts. Although only two studies were considered for this analysis, the results indicate that the departure of the genotype frequencies from Hardy-Weinberg equilibrium in the control populations could be a possible cause for the inter-study heterogeneity. The sensitivity analysis of the MTHFR polymorphism, however, failed to change the effect of heterogeneity in an appreciable manner, except for the additive and the dominant models. Thus, in addition to the departure of the genotype frequencies from the Hardy-Weinberg equilibrium in the control populations, the cause of this observed heterogeneity could be attributable to the variations in genetic constitution and/or environmental characteristics across the populations or to the difference in the design and conduct of the studies. As evident from the observed results, homogeneity existed among the studies on ACE I/D polymorphism. It is interesting to note that many of the studies that were analysed had control groups whose genotype frequencies deviated significantly from the Hardy-Weinberg equilibrium Kokubo et al. 2000; Luthra et al. 2002; Um et al. 2003a; Lin et al. 2004; Nakata et al. 1997) . Potential biases in the selection of control individuals, or genotyping errors, could be implicated in such deviations (Little et al. 2002) .
Since we considered only the Asian population for our analyses, we looked for reports of other metaanalyses conducted with data from the European population to compare whether ethnic variations between these two populations have any effect on the association of the gene polymorphisms that we studied with the risk of developing stroke. The MTHFR C677T polymorphism was reported to be significantly associated with increased risk of stroke in the European population (Casas et al. 2004 ) and in the Asian as well as the European populations (Cronin et al. 2005) . No evidence of association was found to exist between the ApoE polymorphism and stroke in the European population (Casas et al. 2004) , and a stronger association with stroke was found in the Asian populations than in white populations (Sudlow et al. 2006) . Association of the ACE I/D polymorphism with increased risk of stroke in the European populations was evidenced from two meta-analyses (Casas et al. 2004; Sharma 1998 ).These reports, in conjunction with our results, suggest that ethnic variations among these two populations could be accounted for by the discordant findings on the roles ApoE and the ACE polymorphisms in the pathogenesis of stroke. Interestingly, no such discordance was observed in the case of the MTHFR polymorphism, and, in both the populations, this C677T polymorphism was found to be a potent risk factor for the development of stroke.
In conclusion, the evidence from these meta-analyses supports the notion of a role for the polymorphisms of MTHFR and ApoE genes in susceptibility to stroke. Meta-analysis of the ACE gene polymorphism has failed to provide evidence of increased risk for stroke. In our analyses we tested various allele and genotype contrasts for each of the three genes. However, such comparisons are not independent of each other and, therefore, might pose multiple-comparison problems. To confirm or refute these findings, additional larger studies with corrections for multiple comparisons are required.
